Objective: To investigate the impact of antiepileptic drug (AED) change and dose titration on the emotional wellbeing of patients with epilepsy. Methods: Members of an online epilepsy community were invited to voluntarily participate in an online survey. The cross-sectional anonymous survey consisted of 31 multiple choice questions balanced in terms of variety and positivity/negativity of emotions concerning participants' most recent AED change. To substantiate survey results, spontaneous comments from epilepsy-related online forums and social media websites that mentioned participants' experiences with AED medication changes (termed passive listening statements) were analyzed and categorized by theme. were the most commonly noted concerns. Conclusion: Although the emotional well-being of patients with epilepsy is complex, our study results suggest that participants report their emotional well-being as negatively affected by changes in AED regimen, with most patients reporting uncertainty regarding the outcome of such a change. Future research is warranted to explore approaches to alleviate patient concerns associated with AED medication changes.
Patient emotions may play a vital role in communication and satisfaction with the patient-clinician relationship and in adherence to treatment regimens. Owing to the broad availability of medical information via the Internet, patients are more informed about their medical condition and treatments than previous generations, prompting a change in the nature of the patient-physician relationship [1] [2] [3] . Indeed, patients are becoming more involved in making decisions and managing their disease [4, 5] , which is dependent upon a solid partnership with their physician. However, evidence suggests that a division exists between physicians and their patients in the importance of different aspects of disease treatment and management [5, 6] . In one survey, two-thirds of patients versus one-third of physicians reported avoiding depression, anxiety, and treatment-related behavior changes as important considerations in making treatment decisions [5] . Although half of patients rated reducing the titration period and changes to the treatment plan owing to adverse events as important factors in treatment decisions, less than 20% of physicians rated these as important factors. However, both patients and physicians regarded reducing seizure frequency and severity as the most important aspects of treatment [5] .
An improved physician-patient dynamic may foster better assessment of patient emotions and perceptions of antiepileptic drug (AED) use, which may impact the treatment adherence so critical for seizure control. In one study, nonadherence to AED therapy was influenced by patient doubts regarding the need for AEDs, negative perceptions of AEDs, and concerns about adverse events [7] . In another study, the majority of surveyed patients blamed forgetfulness for medication nonadherence, while physicians overwhelmingly attributed nonadherence to poor tolerability or patient complacency [6] . Further, intentional nonadherence has been described in patients with chronic conditions, with nonadherence commonly attributed to feeling good and deciding not to dose, or a fear of side effects [8] . Because emotions are intrinsically involved in an individual's decision-making [9] and treatment adherence requires daily decision on the patient's part, addressing patient emotions that may hinder AED titration may help remove barriers to adherence. Ultimately, a better understanding of patient considerations, perceptions, and emotions may help improve the discussion between patients and their physicians, leading to improved treatment outcomes.
Modification to AED regimens often require a titration period that differs depending upon the individual AED and the titration approach (e.g., titration of a new AED to full dose before tapering the first AED, or simultaneously titrating and tapering AEDs [10] ). During this titration period, the physician and patient must once again evaluate the benefits of the new medication versus potential side effects. In addition to side effects, the possibility of seizures occurring during AED changes may also be concerning for patients during this timeframe. Changing AED treatment indicates suboptimal seizure control or unacceptable side effects, and changes to optimize AED treatment introduces a new period of uncertainty to the patient as to whether the new treatment will help them achieve seizure control. Although AED treatment changes may negatively affect patients' quality of life [11] , patients' emotions regarding an AED regimen change are not well explored, and represents a possible opportunity for addressing patient needs. Additionally, understanding patient emotions during AED treatment changes may better explain other reasons for nonadherence, whether intentional or unintentional, that are typically attributed to forgetting or adverse events. Accordingly, the objective of this survey-based study was to better understand the effect of AED change and dose titration on epilepsy patients' emotional well-being as well as their perceptions during this period of change.
Methods

Patient survey
This study was an open, prospective, cross-sectional survey of adult members with epilepsy from the Epilepsy Advocate disease-state patient community. This online community (www.epilepsyadvocate. com; supported by UCB Pharma) provides patients and their families with an open forum for epilepsy-related information, patient blogs, social networking opportunities, and links to other support sources. An invitation to participate in the survey was posted to the Epilepsy Advocate Facebook page (i.e., "Have you and your physician ever modified your medication plan? We are looking for your perspective on the emotions and mindsets you experienced during a proposed medication change.") with a link to the survey. Names, Facebook IDs, or other personally identifiable information (e.g., e-mails) were not collected. Each respondent provided informed consent, and all responses were automatically captured and tabulated by SurveyMonkey® (SurveyMonkey Inc, Pala Alto, CA, www.surveymonkey.com). Surveys were completed from September 4, 2015 to October 30, 2015 .
Clinical trial experts and a clinical psychologist developed and evaluated the survey based on prior experience, and incorporated guidance for reporting of online surveys [12] . The survey consisted of 31 multiple choice questions that focused on patient experiences and emotions before and during/after the patient's most recent AED medication change in the past 12 months (e.g., change in AED dose or drug, reason for change, duration of change, seizure activity, communication with the clinician, emotions experienced and positivity/negativity) as well as patient demographics and epilepsy characteristics (e.g., age, sex, insurer, number of AEDs, time since diagnosis). The survey did not capture time from the most recent AED change, but all changes were to have occurred in the prior 12 months. All questions about emotion were balanced in terms of variety and valence, a common dimension of emotions (positivity or negativity) used to explain behavior [13] . Emotions were selected based, in large part, on Plutchik's theory of emotions [14] . For comparison purposes, emotion terms were operationally grouped into basic emotion groups as follows (primary emotion terms in parentheses): anticipation (confident, intrigued, optimism), trust (certain, compliant), joy (courageous, eager, hopeful), anger (disbelief, resistant), sadness (anxiety, hopelessness, worry), distrust (afraid, fear, hesitant, uncertain), and none. Anticipation, joy, and trust were considered as having positive valence, while anger, sadness, and distrust were attributed negative valence. Valence (degree of positivity or negativity) is an integral aspect of emotion research [15] [16] [17] used to evaluate if something is perceived as helpful or harmful, and was assessed with respect to the primary emotion reported. To confirm assignment of emotion terms (and by extension, basic emotion groups) as being positive or negative, emotion terms were weighted by reported valence (1 = very positive, 2 = slightly positive, 3 = neutral, 4 = slightly negative, 5 = very negative; Supplementary Table 1) . Positive or negative emotion groups were expected to be consistent with emotion research [14] . The reason for the emotion before and during/ after the medication change also was assessed. Antiepileptic drugs categorized as sodium-channel blocking [SCB(+)] AEDs were carbamazepine, lamotrigine, lacosamide, oxcarbazepine, and phenytoin; nonsodium-channel blocking [SCB(−)] AEDs were levetiracetam, perampanel, topiramate, and divalproate. Antiepileptic drugs with mood-stabilizing properties were those approved by the US Food and Drug Administration for the treatment of bipolar disorder (carbamazepine, lamotrigine, and sodium valproate).
Passive listening text analysis
In an effort to assess the generalizability of the patient survey findings, a passive listening text analysis was undertaken to extract data from online sources outside of the Epilepsy Advocate community. IMS Health™: Nexxus™ Social Media used longitudinal tracking of patient data on social media platforms to ascertain epilepsy status and extract conversations related to the terms dose, doses, dosage, titrate, or titration in the context of epilepsy or epileptic seizures. Conversations were cross-referenced between websites to ensure epilepsy status. Results were qualitatively analyzed to produce a set of comments related to titration aspects of AED treatment. A set of categorical filters specific to emotional, physical, and general health, adapted from the Quality of Life in Epilepsy Inventory-31 (QOLIE-31) questionnaire [18] , was used to probe the final dataset. Questions from the QOLIE-31 were selected based upon applicability to the dose titration phase and probability of being addressed in social media data; in some cases, language was slightly modified based on the patient lexicon and for ease of understanding. An additional category concerning financial issues due to drug expense was included. Based on the information provided in the subject statements, each question was assigned a categorical answer of "Yes," "No," or "Not mentioned." Patients' experiences with the medication change process within emotional, physical, and general health categories were analyzed to better understand the emotions and experiences surrounding an AED change (dose titration phase).
Statistical analyses
For statistical analyses, emotions captured in the Epilepsy Advocate survey were categorized as positive (certain, compliant, confident, courageous, eager, hopeful, intrigued, and optimism) and negative (afraid, anxiety, disbelief, fear, hesitant, hopelessness, resistant, uncertain, and worry); responses of "none" were excluded. Analysis by individual emotion term was not undertaken due to small sample sizes across the 18 emotion terms. After term grouping, a McNemar's test was used to assess the agreement between before an AED change and matched responses during/after the AED change on positive and negative categories.
A binomial test (H 0 : proportion of negative emotions = 0.5) was employed for data during/after an AED change to compare positive versus negative emotion categories. Chi-square tests were used to assess the impact of duration of AED change (titration), type of AED change (add or remove AED, increase or decrease in dose), number of AEDs, household income, education status, and insurer on positive/ negative categories during/after the AED change. Descriptive statistics were used for the remaining outcomes (e.g., comparisons by SCB or mood-stabilizing property).
Results
Overall, 345 patients with a self-reported epilepsy/seizure diagnosis completed the survey. The majority of respondents had been diagnosed for more than 3 years (82.3%), were taking more than one AED (76.2%), had a seizure in the previous 18 months (87.2%), and were predominately female (78.3%; Table 1 ). All patients were currently taking a prescription medication for seizures or epilepsy and reported that their seizure/epilepsy medication(s) had changed within the past 12 months. An increase in AED dose, addition of another AED, decrease in AED dose, or removal of an AED were reported by 44.3%, 30.4%, 14.2%, and 11.0%, respectively. Reasons for AED change (more than one reason could be selected) included: to improve seizure control (71.6% of patients), side effects (31.6%), remove current medication (13.6%), could not afford medication (3.2%), and insurance change (1.2%). Of 345 respondents, 68 (19.7%) selected "Other" as a reason for medication changes. Of these, nearly half described adverse events, approximately 30% noted loss/lack of efficacy, and smaller percentages reported AED regimen changes because of planned pregnancy, surgery, long-term seizure freedom, or other reasons.
Patients reported a range of primary emotions before and during/ after medication changes (Table 2) . Some emotions fluctuated following the change, with the largest relative changes observed for basic emotion groups of anticipation (30.2% relative decrease), joy (23.9% relative decrease), and trust (52.6% relative increase). Emotions were categorized as positive, negative, and none for 125 (36.2%), 209 (60.6%), and 11 (3.2%) of respondents, respectively, before an AED change. During/ after an AED change, emotions were positive, negative, or none for 103 (29.9%), 223 (64.6%), and 19 (5.5%) of respondents, respectively. Analysis of matched responses revealed that 40.8% of respondents who initially reported a positive emotion reported a negative emotion during/after the AED change, while 16.3% who initially reported a negative emotion shifted to a positive emotion during/after the AED change. The shift between matched responses did not show statistical Assessment of basic emotion groups as positive or negative was confirmed based on patient-reported valence for emotions; basic emotion groups of anticipation, joy, and trust aligned with a positive valence, while anger, sadness, and distrust aligned with a negative valence (Supplementary Table 1 ). The valence reported with the primary emotion at the time patients were informed of a change to their AED regimen versus during/after the change did not substantially differ (very positive, slightly positive, neutral, slightly negative, or very negative emotion reported by 17.4%, 17.7%, 19.1%, 27.8%, and 18.0%, respectively, before the AED change vs. 16.8%, 14.5%, 22.9%, 28.1%, and 17.7% during/after the AED change). Valence of emotion during/after a medication change remained more negative than positive regardless of how long the change in AED regimen took to occur (Fig. 1) . The most commonly reported concern associated with changes in the AED regimen was lack of confidence that a change in AED regimen would work (Table 3) .
Several aspects of treatment were further analyzed, including titration duration, type of AED change, and number of concomitant AEDs. Across durations of a regimen change (e.g., at b2 weeks or at 2-4 weeks), basic emotion groups were mainly more negative than positive (Fig. 2) . Distrust was the most common basic emotion group across all time durations. Statistical analysis of the during/after responses revealed no significant difference (p = 0.989) in positive/negative categories (approximately 65% negative, 30% positive, and remaining reported as None for each titration duration) across titration durations.
For respondents receiving AED monotherapy (n = 73), primary emotions associated with duration of medication change were consistent with the overall population, with the negative category emotions most commonly reported. Analysis by type of medication change (addition or removal of AED, increase or decrease in dose) showed that distrust and sadness were the two most commonly reported basic emotion groups across types of medication change (before vs. during/after; Fig. 3) , with the sole exception of decreased dose before the AED change, where distrust and joy were most common. Generally, similar results were observed regardless of number of concomitant AEDs (Fig. 4) . When emotions were categorized as positive or negative, there was a consistently higher percentage of negative versus positive basic emotion groups, with no significant differences across categories of type of AED change (p = 0.261) or number of AEDs taken (p = 0.365).
The impact of type of AED on emotional response was examined in the subset of patients receiving monotherapy. Negative category emotions were reported approximately twice as often as positive category emotions regardless of the class of AED taken (sodium-channel blocking [SCB](+) vs. SCB(−)) (Fig. 5A) . AEDs approved by the US Food and Drug Administration for bipolar disease were categorized as having mood-stabilizing properties [19] [20] [21] . Comparison of these AEDs versus those without mood-stabilizing properties revealed three times as many respondents receiving AEDs without mood-stabilizing properties reported negative versus positive category emotions, while AEDs with mood-stabilizing properties had a less than two-fold difference (Fig. 5B) .
Finally, the impact of socioeconomic factors on reporting of primary emotions was considered. In an analysis of the overall positive/negative category, the patterns of emotion category were consistent with the overall study results (i.e., negative reported twice as often as positive), with no significant pattern differences noted across levels of annual household income (p = 0.484), attained education (p = 0.411), or insurer (p = 0.398).
For the passive listening text analysis, 17 social media forums contained relevant data (Supplementary Table 2 ). Of 8051 data points extracted, 521 comments were identified as relevant (i.e., confirmation of epilepsy through direct mention or usage of AEDs along with titration), of which 230 comments addressed titration aspects of AED treatment. Data from the passive listening statements revealed that the emotional category of worry (about additional seizures) and apprehension (when titrating to a higher dose) were noted as impacting well-being in 40.4% and 14.3% of statements, respectively ( dose being detrimental if taken for a long duration, 33 (70.2%) noted apprehension about this change. Finally, of 123 statements noting side effects (headaches, insomnia, tremors, weight issues), 71 (57.7%) were bothered by side effects during titration.
Discussion
In our study, negative emotions were more commonly reported than positive emotions surrounding changes in AED regimen, regardless of the duration of the change, or factors such as type of AED or type of medication change. The most common reason given for an emotion reported by respondents was uncertainty regarding whether the medication change would make things better or worse, which was reflected in the high levels of reported distrust (fear, hesitation, uncertainty, being afraid) and sadness (anxiety, hopelessness, worry). The negative patient perceptions surrounding AED changes were further supported by results from the passive listening text analysis of unsolicited comments on social media, in which worry regarding additional seizures was noted in 40.4% of statements. A similar emotional element was reported in a study of patients with well-controlled epilepsy but moderate AED-related complaints who were given an intervention (change in AED dose or AED) or remained on their current regimen [22] . Of patients assigned to the intervention group (n = 56), 42% subsequently refused the intervention, with investigators citing social implications and fear of seizures as likely contributing to the refusal. Our findings suggesting that changes in AED treatment may negatively affect patients' emotional well-being are perhaps not surprising considering that patients with epilepsy experience a range of negative emotions, including anxiety and worry about their disease [23] as well as depression, which can diminish both quality of life [24] and treatment adherence [25, 26] . Owing to the unpredictable nature of seizures, persons with epilepsy are prone to learned helplessness, whereby negative effects are attributed as being outside of one's control, particularly for patients with a pessimistic attributional style [27] . A negative attributional style also has been associated with the development of depression in patients with epilepsy, as well as in the general population [28] . However, these aspects of patients with epilepsy may not often be considered during routine clinical care. It should be noted that the interpretation of the data in this study is limited by a number of factors, including the nature of the online survey, which targeted only members of the Epilepsy Advocate website, and dependence upon the accuracy of patients self-reporting diagnosis and management of their epilepsy. However, a study examining the agreement between patient self-reports and patient records found good sensitivity and specificity, supporting the validity of self-identifying cases of epilepsy in community surveys [29] , and indeed, a number of surveys rely upon patient self-reports [30, 31] . Because respondents were not required to report their specific epilepsy diagnosis, the population likely reflects various epilepsy types and associated treatment approaches. The survey requested emotions from the most recent medication change during the prior 12 months, but not the specific timeframe within those 12 months. Because patients with epilepsy are prone to memory disturbances [32] that may have influenced their recall of emotions or events over the prior 12 months, the recall period poses a challenge in interpreting the results. However, it should be noted that physicians similarly rely on patient reports from visit to visit, rendering some degree of recall bias in normal clinical practice. Indeed, patient diaries, questionnaires, and interviewers are common methods for obtaining self-report data in emotion research [18] . Our analysis focused on emotions during/after an AED change, as emotions reported directly after an event are more likely to be valid than emotions reported for events that occurred in the past [15] and because recollection of emotions before an AED change may have been influenced by their emotions after the AED change. These limitations suggest that future research into emotional aspects of treatment would benefit from the use of an intervention, such as daily diaries, to capture immediate perceptions. Because the survey did not capture psychiatric comorbidities, respondents with a negative emotional valence before an AED change (e.g., as a result of concurrent depression or anxiety disorder) may have biased the results. Our respondent sample reflected high rates of polytherapy and gender imbalance that may have influenced the results. The predominance of patients on polytherapy (76.3%) in our survey suggests a population with difficult-to-treat seizures, as most patients with epilepsy will achieve seizure control with initial AED monotherapy [33, 34] . Of interest, the survey had an overrepresentation of female respondents (78.3%), consistent with another study of an online patient community (PatientsLikeMe®) [35] , suggesting that other methods may be needed to engage male patients. Studies have also reported that depression is more common among female than male patients with epilepsy [36] , which may further impact our results. Furthermore, results may not be generalizable to the overall adult epilepsy population, to patients who did not respond to the survey, or to patients who are not enrolled in the Epilepsy Advocate community, although this site was the largest epilepsy-related page on Facebook at the time of the survey. Because the results of this study are a reflection of a specific online community, our survey results cannot be assumed to represent the wider population of patients with epilepsy, and the passive listening segment was an attempt to assess generalizability. Because patients with epilepsy frequently experience negative emotions (including the dilemmas of living with epilepsy, perceived stigma, risks, and injury related to their seizures, as well as other comorbid conditions [37, 38] ) and our study was not designed to assign causation, care should be used in interpreting survey results. As noted earlier, patients with epilepsy often experience negative emotions [23, 39] . Therefore, although the survey explicitly inquired about emotions associated with a medication change in the context of their initial discussion or time of making a change, we cannot establish causation as the retrospective study design and residual confounding may distort the strength and direction of this association. Furthermore, the survey was not designed to evaluate the duration of emotional response to medication change. Any putative effect of medication change on emotion is likely to be acute rather than chronic. Hence, future studies should prospectively document the type, valence, and duration of emotional change. Finally, validation of a survey measure in future research would provide a basis for more rigorous data capture and analysis.
The concept of holistic medicine and patient empowerment in improving the quality of life in patients with epilepsy is beginning to receive more attention [40, 41] . Patients should feel informed and empowered to adhere to their treatment and to seek answers to questions. Because treatment adherence in epilepsy can be diminished by lack of patient involvement in making treatment decisions [42] , patient perceptions regarding AEDs and adverse events [7] , and comorbid depression [25, 26] , addressing a patient's needs in a holistic manner may help ensure treatment success. Patients should receive drug counseling to provide a solid understanding of medication schedules and possible side effects before initiating an AED regimen change. Titration of AEDs to effective doses are taken in stepwise fashion every 1 to 3 days up to every 2 weeks, depending upon the individual AED product information [43] . However, consensus guidelines for titration of AEDs recommend a dose increase at 1-to 2-week intervals [44] . Although slow titration starting at a low dose is often implemented to minimize or avoid adverse events while optimizing efficacy, more aggressive or no titration may be warranted when there is an immediate need for seizure control [45] [46] [47] and if patient profile permits [45] . Ultimately, appropriate selection and titration of an AED is critical to attaining seizure control, with benefits also manifesting in psychological, social, and vocational areas of functioning [48] . An important element of making an AED change is the discussion between clinician and patient. Studies highlight areas for improvement in the discourse between patients and their physicians [6] . Patients with epilepsy desire more attention and discussions with their physicians [49, 50] and place a high value on communication, information, and knowledge with their physicians [51] . To this end, clinicians should discuss with their patients the potential risks and benefits of treatment changes before initiating any changes in order to address patient concerns and ascertain understanding [52] . This approach aligns with quality improvement measures recommending that patients be asked and counseled about AED side effects, as well as about safety issues appropriate to the patient's situation [53] . However, implementation of quality improvement measures may fall short, with discussions of adverse events and comorbid depression receiving inadequate attention [54] .
A best practice and goal of patient-centered communication includes exploring and responding to patient emotions during each medical encounter [55] . Such efforts may help physicians identify areas in need of further support, reassurance, or assistance. Studies have shown that clinician empathy to a patient's experience has a profound impact on patient outcomes [56, 57] . In a study of physicians treating patients with diabetes, high physician clinical empathy scores were significantly associated with patients having good control of glycated hemoglobin and low-density lipoprotein cholesterol levels [57] . Similarly, in a study of physicians treating patients with the common cold, physicians scoring high in empathy were associated with significant improvements in patients' interleukin-8 levels and neutrophil counts, which manifested as reduced cold severity and duration [56] . Further, a growing body of evidence suggests that empathy directly enhances therapeutic efficacy. Engaged communication has been linked to decreasing patient anxiety and, for a variety of illnesses, decreasing anxiety has been linked to physiologic effects and improved outcomes [58] . The impact of human interaction and empathy on improved clinical outcomes may reflect better decision-making because of transparent communication and increased understanding between patients and physicians [56, 57] .
Efforts to improve epilepsy treatment outcomes include optimizing AED therapy, minimizing adverse events, improving patientphysician communication, and providing patients with education, self-management strategies, and referral to other sources of support. Initiatives geared toward patient-centered care and self-management education can help patients identify risks, maintain emotional health, and provide strategies for managing stress, fears, and coping with other aspects of their disease [59] . Improving patient outcomes will require closer collaboration and improved communication between clinicians and their patients with epilepsy, and recognition that the emotional component must be addressed at each interaction [55] . An improved patientphysician dynamic may have a positive impact on patient experience, and potentially improve patient adherence to a medication regimen and any necessary changes [60] . Future studies should consider the impact of medication titration on patient well-being.
Conclusion
In summary, the results from this survey of respondents with selfreported epilepsy or seizures suggest that titration or change of AED treatment may negatively affect patients' overall well-being on different levels. However, future research studies using robust data sources and validated instruments are needed to confirm the signal observed in our study. Meanwhile, it is noteworthy that patient perceptions are an underappreciated aspect of medical encounters that should be addressed in the clinic. Evaluating the emotional state of patients with epilepsy is complicated by several factors including the stigma of living with epilepsy, fear of injury, and concerns over the effects of medications. The results of this survey provide additional insights to the challenges patients with epilepsy face on a day-to-day basis. Only by probing for emotional status, providing educational information, remaining available for patients to ask questions, thoroughly discussing AED changes, and considering patient emotions during AED selection, can clinicians help alleviate patient concerns and foster improved clinical outcomes.
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